Abstract-We present an arbitrary-shaped patch antenna design procedure. The design technique is based on a variant of Biogeography Based Optimization (BBO) algorithm. In this paper, we apply Opposition-Based Learning (OBL) concepts for antenna design. More specifically, we use a new Modified Biogeography Based Optimization (BBO) algorithm enhanced with OBL techniques. The preliminary results of the proposed method indicate the advantages and applicability of our approach.
I. INTRODUCTION
The use of microstrip patch antennas in wireless communication systems provides several advantages like low profile, low cost, and ease of fabrication. Patch antennas or arrays of such antennas in the Ku-band have practical applications in radars [1] , and satellite communications [2 ] .
In this paper, we present an arbitrary patch antenna design for two operating frequencies, namely 12GHz and 14GHz. The patch shape is not defined at first, but it is obtained using a design procedure from a set of possible shapes. We use a predefined grid of small squares where each square is metal or not. Evolutionary algorithms (EAs) are suitable optimization techniques for solving the above-described problem.
Biogeography-based optimization (BBO) [3] is an evolutionary algorithm based on mathematical models that describe how species migrate from one island to another, how new species arise, and how species become extinct. The way the problem solution is found is analogous to nature's way of distributing species. In [4] a new BBO algorithm based on opposition-based learning (OBL) called Oppositional Biogeography-Based Optimization (OBBO) was introduced. The basic idea of OBL concept is to calculate the fitness not only of the current individual but also to calculate the fitness of the opposite individual. The benefits of using such a technique are that convergence speed may be faster and that a better approximation of the global optimum can be found. OBL techniques were also applied successfully to Differential Evolution in [5] . In all the above papers, OBL was applied to continuous domain problems. In [6] the OBBO concept was applied to specific discrete domain problems like the traveling salesman (TSP) and the vertex coloring problem. However, in the above paper the definition of the opposite point was problem-dependent.
In this paper, we use a new Modified Opposition BBO (MOBBO) that was applied successfully to optimization problems in wireless communications [7] , [8] . MOBBO can be applied to other discrete domain problems as well, since it is not problem specific. The basic concept of the proposed algorithm is to decide using a predefined opposition probability if each decision variable in every D-dimensional individual is replaced by its opposite or not. We will apply MOBBO to arbitrary patch antenna design. This paper is organized as follows. The details of the MOBBO algorithm are given in Section II. In Section III we present the numerical results. Finally, the conclusion is given in Section IV.
II. MODIFIED OPPOSITIONAL BIOGEOGRAPHY-BASED OPTIMIZATION
In the BBO model, the habitat is an area that is geographically isolated from other habitats. The geographical areas that are well suited as residences for biological species are said to have a high habitat suitability index (HSI). Therefore, every habitat is characterized by the HSI which depends on factors like rainfall, diversity of vegetation, diversity of topographic features, land area, and temperature. Each of the features that characterize habitability is known as suitability index variables (SIV). The SIVs are independent variables while HSI is the dependent variable. Habitats with a high HSI are good solutions of the objective function, while poor solutions are those habitats with a low HSI. The immigration and emigration rates are functions of the rank of the given candidate solution. The rank of the given candidate solution represents the number of species in a habitat. These are given by max max , 1
where I is the maximum possible immigration rate, E is the maximum possible emigration rate, k is the rank of the given candidate solution, and max S is the maximum number of species (e.g. population size). The rank of the given candidate solution or the number of species is obtained by sorting the solutions from most fit to least fit, according to the HSI value (e.g. fitness). BBO uses both mutation and migration operators. The application of these operators to each SIV in each solution is decided probabilistically.
A. Opposition Based Learning (OBL)
The basic concept of OBL was originally introduced by Tizhoosh in [9] . The basic idea of OBL is to calculate the fitness not only of the current individual but also to calculate the fitness of the opposite individual. Then the algorithm selects the individual with the lower (higher) fitness value. At first we give the definitions for the basic concepts of OBL [10] . Definition (Semi-opposite Point) [11] . If we change the components of a point by its opposites only in some components and the other remain unchanged then the new point is a semi-opposite point. This is defined by Therefore, the MOBBO algorithm can be described as follows:
1) Initialize the MOBBO control parameters.
2) Initialize a random population of NP habitats (solutions) from a uniform distribution. Set the number of generations G to one.
3) Initialize the opposite population according to algorithm 1.
4) Map the HSI value to the number of species S. Calculate the immigration rate k λ , the emigration rate k μ for each solution of the population. 5) Apply the migration operator for each member of the population based on immigration and emigration rates using (2).
6) Apply the mutation operator to each member of the population. 
III. PATCH ANTENNA DESIGN
The design case is that of arbitrary-shaped dual band patch antenna. It consists of a 5X5 grid where the blue indicates the existence of metal (binary "1") and the white indicates dielectric (binary "0"). The grid is numbered from 1 to 25 as it is shown in the figure. The patch antenna is fabricated on a dielectric substrate with 3.38 r ε = and 30mils thick. A coaxial feed is used, which is placed in the patch center. Therefore, the center grid 13 is always metal. The design goal is to minimize the S11 magnitude in two frequencies 12GHz and 14GHz, which implies the minimization of the objective function: 11, 12 11, 14 ( ) max( , )
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where x is the vector of the antenna geometry.
The patch length L and the patch width W are represented using a 16-bit binary string. Thus, the total number of binary variables is 56 (32+24) for this case. The computation of the objective function requires the use of a full-wave numerical method. The patch antenna is modeled in FEKO [12] . FEKO is a commercially available hybrid MoM/FEM software. In order to integrate the in-house source code of the evolutionary algorithms with FEKO, a wrapper program was created. FEKO except of using a graphical user interface offers the option to run the EM solver engine from command line. It requires an input file that defines the model geometry. This input file uses a script language that allows users to define variables and control options like the frequency range, the number of frequency points and the required data in the output file. The wrapper creates a FEKO input file for each random vector created by the algorithms and runs FEKO. The output file, which in our case is defined to contain the frequency and the S-parameters is read by the wrapper and the cost function is evaluated.
The population size is set to 10 vectors and the maximum number of iterations is set to 200. We run the MOBBO algorithm for 20 independent trials. The patch dimensions are L=6.194 mm, and W=8.522 mm. Fig. 1 shows the best obtained patch geometry Fig. 2 presents the frequency response of the best design. The MOBBO obtained antenna has a bandwidth between 11.83 and 12.10 GHz and from 13.82GHz to 14.13GHz with 11 
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S dB < − . The surface current distributions for the best-obtained design and the geometry are shown in Fig. 3 . The 3D radiation patterns of the best design are depicted in Fig.4 . We notice that the radiation pattern maximum is on the direction perpendicular to the patch plane. 
IV. CONCLUSION
In this paper, we have addressed the problem of designing patch antennas of arbitrary shape. We have proposed a novel design approach based on a new Oppositional-based BBO algorithm. The numerical results that we have shown have proven the effectiveness of this approach. In our future work, we will study further the capabilities of this new algorithm.
